Western Michigan University

ScholarWorks at WMU
Master's Theses

Graduate College

8-2004

The Effects of Water versus Land Plyometric Drills on Balance
Jaclyn Kelly

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses
Part of the Health and Physical Education Commons

Recommended Citation
Kelly, Jaclyn, "The Effects of Water versus Land Plyometric Drills on Balance" (2004). Master's Theses.
4676.
https://scholarworks.wmich.edu/masters_theses/4676

This Masters Thesis-Open Access is brought to you for
free and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Master's Theses by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

THE EFFECTS OF WATER VERSUS LAND PLYOMETRIC DRILLS ON BALANCE

by
Jaclyn Kelly

A Thesis
Submitted to The Graduate College
in partial fulfillment of the
requirements for the
Degree of Master of Arts
Department of Health, Physical Education, and Recreation

Western Michigan University
Kalamazoo, Michigan
August 2004

Copyright by
Jaclyn Kelly

2004

ACKNOWLEDGMENTS
I would like to thank my committee of Dr. Miller, Dr Ritenour, and Dr. Ricard,
for their patience, guidance, and most importantly their time. I would also like to thank
Dr. Berkey for her funding of a lifeguard and Patrick Daniels for allowing me to use the
Student Recreation Center pool.
I especially would like to thank my parents Pat and Sandy Kelly for their constant
love and support, especially these past two years. I love you.

Jaclyn Kelly

11

THE EFFECTS OF WATER VERSUS LAND PLYOMETRIC DRILLS ON BALANCE
Jaclyn Kelly, MA
Western Michigan University, 2004
Plyometrics are used by athletes of all to increase strength, power, and speed and often
used during rehabilitation programs both on land and in water. Previous research
suggested that aquatic plyometrics may have an affect on balance, however there is no
data to support this claim. The purpose of this study was to compare aquatic to land
plyometrics and the effects on balance. Thirty-six healthy subjects (17 males, 19 females)
were randomly assigned to one of three groups, control, land, or aquatic. Plyometric
training took place twice a week for seven weeks. Each subject performed three trials of
static (single leg stance) and dynamic (standing on a dyna disc™) balance tests on a
Kistler force plate pre and post-training. Ground reaction forces (GRF) were sampled at
100Hz for 10 s for each balance trail. Center of pressure (COP) was calculated from
GRF. Three trial averages of the following dependent variables were calculated from
COP: radial area, x range, y range, xy area, distance, mean Vx, mean Vy, mean X
frequency, mean Y frequency. A 3 X 2 factorial repeated measures ANOVA was used to
identify differences in the three trial averages of each dependent variable by training
group and time. No significant interactions between training groups and time were found
suggesting that plyometric training did not effect the measures of static and dynamic
balance used in this study.
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INTRODUCTION
Athletes need to execute sport activities with power, strength, and speed. By
performing training techniques, specifically plyometric exercises, athletes can accomplish
this goal. Plyometric training develops performance characteristics that are common to
all athletes, such as improvements in vertical jump height,1-6 leg strength, 1•6•7 and power.
1•2•4•6 •7

Plyometric exercises consist of a rapid pre-stretching of a muscle during an

eccentric action immediately followed by a concentric or shortening action of the same
muscle, also known as the stretch-shortening cycle. 8-11 A muscle placed on rapid stretch
stores the elastic energy in the muscle fibers and connective tissue which enhances the
subsequent concentric force. 8•9
The primary mechanoreceptors responsible for the stretch-shortening cycle are the
Golgi tendon organs and muscle spindles. Muscle spindles determine the rate and length
of stretch, while the Golgi tendon organs monitor muscle tension. When a muscle the
muscle is rapidly stretched the muscle spindles relay sensory input to cells in the spinal
cord and then back to the muscle responsible for the contraction. 8 This is otherwise
known as the myotatic reflex, one of the fastest in the human body. 8•9 The quicker a
stretch occurs, the more powerful concentric force produced. Plyometrics are responsible
for inducing the neuromuscular adaptations of the stretch reflex and elasticity of
muscle. 8• 12
Plyometric exercises are becoming an accepted tool in functional rehabilitation
programs.11 Plyometric exercises place high loads on the joints and therefore are limited
to the later stages of rehabilitation. However, due to the properties of water, clinicians
can begin to incorporate plyometrics earlier in the rehabilitation process through aquatic
1

therapy. Exercises that are too difficult to perform on land during the initial phase of the
rehabilitation process can be performed earlier in water. The physical properties of water
allow for an early rehabilitation that can focus on strength, flexibility, and balance
improvements. 13-15 Buoyancy provided by the water decreases the weight of the athlete
and decreases the amount of force and joint compression when landing. 16 Several
studies reported when incorporating the use of plyometric training in an aquatic
environment, there are positive increases in strength, power, and vertical jump. 1,5,7 By
incorporating lower extremity plyometrics into a conditioning or rehabilitation program,
improvements may be seen in the athlete's recovery and their level of physical fitness.
A number of aquatic studies that focused on the rehabilitation of injuries noted an
improvement in balance through aquatic participation. 13-15 One aquatic plyometric study
observed that as training progressed balance seemed to improve. 1 Previous studies
recommended investigating the effects of balance, coordination and/or proprioception
with plyometrics, especially in the aquatic environment. To our knowledge, we found no
studies that examined plyometric training and balance, especially in the aquatic
environment. Therefore, the purpose of this study was to compare aquatic and land
plyometrics and the effects on dynamic and static balance.
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METHODS
Subject Selection
A total of 36 subjects volunteered ( 19 women, 17 men, age = 22.40 ± 3.5 years,
height =167.9 ± 10.4 cm, weight = 73.88 ± 15.4 kg.) to participate in this study. All
subjects were healthy individuals who were injury free in the lower extremities for a
period of one month. All subjects selected were not currently performing any plyometric
activities, and were told not to change their current exercise habits. The subjects were
randomly assigned into three groups: an aquatic plyometric group (n = 13), a land
plyometric group (n = 15), or a control group (n = 8). All subjects signed a consent
approved by Western Michigan University's Institutional Review Board.
Design
A seven-week lower body plyometric training program was designed for this
study (Table 1). Each week the subjects were asked to complete two training sessions
that were 48 hours apart and lasted approximately 20-30 minutes. The training programs
were the identical for both the land and the aquatic training groups. All subjects were
under direct supervision of the investigators while performing the plyometric exercises,
and all exercises were demonstrated prior to each session. Training volume ranged from
80 foot-contacts to 120 foot-contacts and intensity increased as the weeks progressed.
Subjects were told to wear shorts and shoes with good soles and support if training on
land and to wear and bathing suit (one piece for women) if training in water. The aquatic
training was conducted in a 36-inch pool at the Western Michigan University Student
Recreation Center, with a certified lifeguard on duty at all times. The land training was
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conducted in Western Michigan University's biomechanics lab on a training surface with
a quarter-inch industrial carpet covering a cement floor.
Testing Procedures
Balance was assessed in both static and dynamic measurements pre and post
training. The static balance test consisted of a single leg stance in which the center of
pressure (COP) was measured on a Kistler 9421 All force plate with a Kistler 9861 A 8channel amplifier. The dynamic balance test consisted of a single leg stance on a dyna
disc™, which was placed on the force plate. A Dyna-disc™ is a round inflatable disk
that is used in a wide variety of settings as a rehabilitation tool to address balance and
joint stabilization. There were three trials for each exercise. All subjects were allowed to
practice each balance test before measurements were taken. Ground reaction forces
(GRF) were sampled at 100Hz for 10 seconds. Anterior-posterior and medial-lateral
movements were recorded for both the static and dynamic balance tests.
The following dependent variables were calculated from COP: XY area, radial
area, distance, mean Vy, mean Vx, Y range and X range. XY area was determined by
multiplying the range of movement of the COP along the X-axis by the range of
movement along the Y-axis during the trial. 17 Radial area is the area of the circle whose
radius was the average of all the radial distances of the center of pressure at each
sampling interval from the mean position of the center of pressure. Distance is the total
distance the subject traveled while measuring COP. Mean Vy is the velocity in the
anterior-posterior direction. Mean Vx is the velocity in the medial-lateral direction. X
range is movement in the medial-lateral direction, and Y-range is movement in the
anterior-posterior direction.
4

Statistical Analysis
A 3 X 2 factorial repeated measures ANOVA was used to identify differences in
the three trial averages of each dependent variables: XY area, radial area, distance, mean
Vy, mean Vx, Y range, and X range by the independent variables; training group
(control, land, or aquatic) and time (pre, post). A Tukey post hoc was used if significance
was found. All statistical comparisons were set at P� 0.05, and values are expressed as
mean± standard deviations. The Statistical Package for Social Sciences (version 10.0,
SPSS, Inc, Chicago, IL) was used to calculate the statistics.

5

RESULTS
The means and standard deviations for all dependent variables are provided in
Tables 2-8. XY area showed a significant time effect, F (1, 31) = 9.051,p = 0.005, 1- p =
0.830. The pre-test mean for XY area was 18.15 ± 7.09 cm2 and the post-test mean was
16.37 ± 6.79 cm2 • There also was a significant difference between the two balance tests,
F (1, 31) = 62.156,p < .001, 1- p = 1.0. The dynamic test 20.28 ± 7.57 cm2 was more
difficult than the static balance test 13.88 ± 5.82 cm2 • All other main effects and
interactions were not significant for XY area.
Radial area also showed a significant time effect, F (1, 32) = 10.42,p = 0.003, I

p = 0.879.

The pre-test mean for radial area was 1.08 ± 0.19 cm2 and post-test mean was

1.03 ± 0.19 cm2 • There was a significant difference between the two balance tests, F (1,
32) = 45.97,p < .001, 1- p = 1.0. The dynamic test 1.16 ± 0.22 cm2 was more difficult
than the static balance test 0.95 ± 0.20 cm2 • All other main effects and interactions were
not significant for radial area.
Distance showed a significant time effect, F (1, 31) = 6.381,p = 0.017, 1- p =
0.687. The pre-test mean for distance was 72.06 ± 18.40 cm and the post-test mean was
69.12 ± 20.00 cm. A significant difference was also seen between the balance tests, F (1,
31) = 61.844,p < .001, 1- p = 1.0. The dynamic balance test 78.50 ± 19.60 cm was more
difficult than the static balance test 62.42 ± 19.31 cm. Other main effects and
interactions were not significant for distance.
Mean Vy showed a difference between the two balance tests, F (1, 33) = 105.356,
p < .001, 1- P = 1.0. The dynamic balance test 5.40 ± 1.16 emfs was more difficult than
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the static balance test 4.02 ± 0.75 emfs. All other main effects and interactions were not
significant for mean Vy.
Mean Vx also showed a difference between the two balance tests, F (1, 31) =
121.631,p < .001, 1- � = 1.0. The dynamic balance test 4.77 ± 1.25 emfs was more
difficult than the static balance test 3.26 ± 0.69 cm/s. All other main effects and
interactions were not significant for mean Vx.
There was a significant time effect, F (1, 31) = 20.459,p < .001, 1- � = 0.992 for
Y range. The pre-test mean for Y range was 5.10 ± 1.29 cm and the post-test mean was
4.76 ± 1.18 cm. There was a difference between the balance tests, F (1, 31) = 51.673,p <
.001, 1- � = 1.0 was found for Y range. The dynamic balance test 5.34 ± 1.20 cm was
more difficult than the static balance test 4.51 ± 1.27 cm. All other main effects and
interaction were not significant for Y range.
X range showed a significant difference between the two balance tests, F (1, 31) =
82.602,p < .001, 1- � = 1.0. The dynamic balance test 3.45 ± 0.67 cm was more difficult
than the static balance test 2.95 ± 0.59 cm, otherwise all of the other main effects and
interactions were not significant for X range.
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DISCUSSION
Physiologically, jumping exercises place high demand on the hip, knee, and ankle
joints, tendons, muscles, and neuromuscular system,18 which is why it is beneficial to
perform plyometric training in the aquatic environment. Athletes can perform most
exercises in the aquatic environment just as effectively _as exercises in the land
environment. Several studies reported that plyometric training in the aquatic
environment showed similar improvements in strength, power, and vertical jump when
compared to land plyometric training. 1' 5' 7 Plyometric training not only enhances muscle
performance characteristics, but is also thought to improve proprioception, balance, and
kinesthesia. 19-21 However, there is no research available to support these claims. This
study compared ]and-based and aquatic-based p]yometric training to determine if
plyometrics have an affect on balance. Our results showed no significant interactions
between groups suggesting that p]yometric training does not directly affect the measures
of static and dynamic balance.
The aquatic environment is widely used in the rehabilitation of injuries. The
water provides a therapeutic effect that is unachievable on land. 14 Aquatic rehabilitation
is usually used in the initial stages of rehabilitation to set a foundation for the transition to
land rehabilitation. Previous aquatic studies noted improvements in balance through
aquatic physical therapy.

13-15,22

However, these studies focused on the elderly or injured

populations and therefore, it is difficult to say if the improvements in balance were due to
the rehabilitation protocol or to the training environment. Se]epak:23 states that the tactile
stimulation from the turbulence generated during movement in the water provides
feedback that aids in the return of proprioception and balance after injury. Therefore, we
8

can conclude that the aquatic environment may be a beneficial rehabilitation tool in
reestablishing balance, however, aquatic plyometric training does not improve balance.
There are a number of studies that have examined reestablishing proprioception
and balance training in land rehabilitation. However, in all of the studies, plyometric
exercises were not incorporated into the rehabilitation program until the later phases,
once balance has been achieved. 24-28 Lephart 27 recommends that a rehabilitation
program begin with balance training and progresses to more highly complex, sport
specific activities. The progression of these beginning balance exercises starts with a
bilateral to a unilateral stance, eyes open to eyes closed, and stable to unstable surfaces.
2

5,27

This leads us to believe that an exercise such as a single leg stance may be enough to

enhance balance.
Some of the most recognized benefits of plyometric training are muscular strength
and power. However, neuromuscular adaptations such as restoring functional motor
patterns, heightening muscle reflexes, and increasing proprioceptive awareness may be
more desirable. During a plyometric exercise the preparatory muscle contraction
increases sensory feedback to the central nervous system, which in turn enhances the
conscious appreciation ofjoint motion and position. 19 Stone20 suggests that plyometric
exercises be considered for reestablishing coordination and proprioception, however,
more research needs to be conducted to support this claim. The results from this study
found no evidence that plyometric training directly effects balance.
Early aquatic plyometric rehabilitation can focus on strength and flexibility, while
achieving balance improvements at the same time. 13 A benefit of aquatic plyometrics is a
lack of delayed-onset muscle soreness and joint pain that can occur with land
9

plyometrics. This finding is consistent with previous studies as well as this study. The
subjects in our study who performed aquatic plyometrics did not report any soreness or
joint pain compared to the land plyometric group. Other studies looked at soreness and
plyometric training in the land and aquatic environments and both reported no significant
differences between training groups. 1• Although our study did not examine subject
7

soreness, we recommend that future aquatic plyometric studies examine training and how
it affects muscle soreness. One possible method of accomplishing different levels of
soreness is through examining different water depths. Different water depths change the
amount of resistance and buoyancy, for example, deeper water provides more resistance
and therefore the athlete has to work harder in order to perform the exercise.
Our study did show that dynamic balance, when using a Dyna-discTM, proved to
be more difficult then static balance. This result was expected because dynamic balance
requires the subject to maintain their center of gravity over an unstable base of support, a
task that is more difficult than static balance where center of gravity is maintained over a
fixed base of support.29 We chose the Dyna-disc™ because it is an unstable platform that
alters the subject's center of gravity manually while they attempt to maintain balance.
However, the subjects may have adapted to the unstable platform because it was not
challenging enough. A limitation of this study was that we measured dynamic balance
with only one test when there are multiple methods of measuring dynamic balance.
Recommendations for future research are to measure dynamic balance more functionally
or sport-specific we suggest a four square hop test on the force plate or a double hop on
two different force plates, for both tests are similar to that of a plyometric exercise.

10

For both land-based and aquatic-based training we followed the same program as
Miller et.al. 1 We kept the volume and intensity progression the same, however we
substituted some of the exercises. The subjects in this study experienced balance
improvements, which means that this program may be beneficial, however because the
control group also experienced balance improvements,_this training program may not
have challenged them enough. It is important to note that this plyometric training
program was not used with the injured population who may find it rather difficult to
perform these exercises. Furthermore, this study showed our plyometric training
program could effectively be used in both the land-based and aquatic-based
environments.
Balance is a complex multisystem process that requires an integration of
sensorimotor information in order to produce an appropriate musculoskeletal response.
In addition, muscle spindles and Golgi tendon organs play an important role in balance
by continuously adjusting the status of each muscle, presetting muscle tension, and
relaying sensory input to the central nervous system. s,9.24,30 The improvements in balance
by the training groups could be a result of contributing factors such as strength and
coordination and not training environment. Balance improvements that were recorded by
the control group in this study were unexpected. This may be explained by the fact that
both static and dynamic balance are used in our daily activities and are easily learned in
healthy individuals. Also there could have been a practice effect. Each subject had three
trials plus a practice of each balance condition both pre and post training. However,
improvements did not occur in every condition even though improvements occurred all
three groups.

11

A limitation of this study was that we recruited and trained healthy individuals
whose ability to enhance balance may be better than a population with lower extremity
injuries. An injury to any joint or corresponding muscle along the lower extremity
kinetic chain can result in a loss of appropriate feedback needed to maintain balance. 29
Results of this study may not apply to an injured population. The testing and training
protocol may have been too easy for the healthy individual, whereas for the injured
individual it may have been challenging. We recommend that future research studies
examine injured subjects with plyometric training and its effects on functional dynamic
balance.

12

CONCLUSION
Aquatic-based plyometric training in the lower body kinetic chain has demonstrated to be
as effective as land-based plyometric training in enhancing strength and power. Aquatic
plyometric training is also a low impact functional exercise that can be introduced as a
progressive approach to rehabilitation or physical conditioning program with a reduced
risk of potential injury and delayed onset muscle soreness. Although we found that
plyometric training does not affect balance, we believe that balance aspects occurred that
we could not properly measure. Further investigation is warranted to explore the effects
of land-based and aquatic-based plyometric training programs and balance.
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Table 1. Seven-Week Plyometric Training Program
Training
Week

Training
Volume

Plyometric
Drill

SetsX
Repetitions

Training
Intensity

Week I

90

Side to side ankle bops
Standing jump and reach
Front cone hops

2X 15
2X 15
6X5

Low
Low
Low

Week 2

120

Side to side ankle hops
Standing jump and reach
Front cone hops
Double leg hops

2X 15
2X 15
6X5
10X3

Low
Low
Low
Medium

Week 3

120

Side to side ankle bops
Standing jump and reach
Jump to box
Double leg hops
Lateral cone hops

2X 12
2Xl2
6X5
6X3
2X 12

Low
Low
Low
Medium
Medium

Week4

120

Single side to side ankle hops
Standing jump and reach
Jump to box
Lateral cone hops
Tuck jump with knees up

2X 12
2X 12
6X5
2X 12
3X6

Low
Low
Low
Medium
Medium

Week 5

120

Lateral Step-up
Standing jump and reach
Double leg hops
Lateral cone hops
Tuck jump with knees up
Lateral jump over barrier

2X 10
2X 10
6X3
2X 12
4X5
2X 10

Low
Low
Medium
Medium
High
High

Week 6

120

Standing jump and reach
Jump to box
Double leg hops
Depth jumps
Tuck jump with knees up
Lateral jump single leg

2X 10
4X5
6X3
2X 12
4X5
2X 10

Low
Low
Medium
Medium
High
High

Week7

80

Standing jump and reach
Depth jumps
Tuck jump with knees up
Lateral jump single leg
Single leg depth jumps

2X8
2X 12
2X4
2X8
2X8

Low
Medium
Medium
High
High
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Table 2. Mean and Standard Deviation ofXY Area (cm2)
Balance Test
Static

Groul!
Aquatic
Land
Control

Pre Test
15.15 ± 5.96
15.50 ± 7.92
10.62±3.17

Post Test
13.41 ± 4.49
14.38 ± 6.97
9.78 ± 3.08

Dynamic

Aquatic
Land
Control

22.35 _± 5.89
24.18 ± 12.15
16.33 ± 5.30

18.81 ± 4.68
20.95 ± 9.35
13.37 ± 4.30
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Table 3. Mean and Standard Deviation of Radial Area (cm2)
Balance Test

Group

Pre Test

Post Test

Static

Aquatic
Land
Control

1.00±0.22
0.99±0.21
0.88±0.19

0.93±0.18
0.98±0.22
0.84±0.19

Dynamic

Aquatic
Land
Control

1.2� ±0.21
1.22±0.25
1.04±0.22

1.20±0.22
1.13±0.22
0.99±0.18
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Table 4. Mean and Standard Deviation of Distance (cm)
Balance Test
Static

Groul!
Aquatic
Land
Control

Pre Test
62.14± 11.03
69.28± 24.46
54.71± 17.39

Post Test
60.70± 12.15
66.08± 29.45
48.56± 6.58

Dynamic

Aquatic
Land
Control

81.40± 15.54
84.68± 24.23
69.28± 16.46

75.62± 13.62
83.18± 28.88
64.42± 13.30
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Table 5. Mean and Standard Deviation of Mean Vx (cm/s)
Balance Test
Static

Group
Aquatic
Land
Control

Pre Test
3.60 ± 0.64
3.17 ± 0.78
2.80± 0.40

Post Test
3.55 ± 0.74
3.33 ± 0.85
2.77 ± 0.36

Dynamic

Aquatic
Land
Control

5.10 ± 1.07
5.03 ± 1.62
4.33 ± 1.09

4.72 ± 0.96
4.90 ± 1.61
3.97 ± 0.76
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Table 6. Mean and Standard Deviation of Mean Vy (emfs)
Balance Test
Static

Group
Aquatic
Land
Control

Pre Test
4.47 ± 0.82
3.76 ± 0.63
3.55 ± 0.59

Post Test
4.29 ± 0.98
4.05 ± 0.78
3.73 ± 0.74

Dynamic

Aquatic
Land
Control

5.77 ± 1.24
5.50 ± 1.28
5.05 ± 1.42

5.23 ± 1.03
5.44 ± 1.38
5.13 ± 1.57
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Table 7. Mean and Standard Deviation ofY- Range (cm)
Balance Test
Static

Group
Aquatic
Land
Control

Pre Test
4.89± 1.44
4.69± 1.87
4.11± 0.83

Post Test
4.37± 0.84
4.48± 1.46
3.75± 0.66

Dynamic

Aquatic
Land
Control

5.51_± 0.71
5.86± 1.67
4.97± 0.98

5.18± 0.93
5.34± 1.57
4.59± 0.95
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Table 8. Mean and Standard Deviation ofX- Range (cm)
Balance Test

Group

Pre Test

Post Test

Static

Aquatic
Land
Control

3.0 ± 0.82
3.18 ± 0.70
2.50 ± 0.32

2.96 ± 0.59
3.07 ± 0.71
2.51 ± 0.44

Dynamic

Aquatic
Land
Control

3.63_± 0.62
3.69 ± 0.93
2.98 ± 0.38

3.44 ± 0.49
3.63 ± 0.70
2.75 ± 0.37
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Western Michigan University- Plyometric Study
Consent Form
1. STUDY TITLE: The effects of water versus land plyometric drills on balance.
2. INVESTIGATOR (S):

Michael G. Miller, EdD, ATC, CSCS
Mark Ricard, PhD
Jaclyn Kelly, ATC

3. SUBJECTS: Undergraduate/graduate students or faculty selected from Western
Michigan University. Subjects must not be currently training with
plyometrics.
4. PURPOSE OF THIS STUDY: To compare the effects of static and dynamic balance
with water and land plyometric drills
5. WHAT YOU WILL BE ASKED TO DO IF YOU PARTICIPATE IN THIS STUDY:
This study is for the purpose of Jaclyn Kelly's thesis. You will be asked to attend a
preliminary meeting where the plyometric (jump training) project will be explained and
demonstrated. At this meeting you will also be informed of your roles and responsibilities
along with the possible risks and benefits of this study. Before you begin, you will be
tested on static (standing on a force plate to see how much you move) and dynamic
balance (how much movement takes place when you hop and when you stand on a 3"
thick air-filled sac). After the researchers collect this data, you will be randomly assigned
to one of three groups: a water plyometric group (swimming pool), a land plyometric
group (Biomechanics lab), and a control group. Once you are assigned to a group, you
will begin an 8-week plyometric regimen. The control group will not perform any
plyometric activities or drills during the 8-week training period. The control group will be
told to perform activities of normal daily living. The plyometric regimen will start with
low volume plyometric drills (60-100 foot contacts) and progressively increase every two
weeks until the completion of the study (up to 250 foot contacts). The land plyometric
regimen will be conducted in the biomechanics lab in the SRC. The water plyometric
regimen will be conducted in the swimming pool during assigned hours and open swim
hours at the SRC. A certified lifeguard will be on duty at all times during the pool
plyometric regimen. The study will be conducted 2 times a week. You will meet in your
respective group at the designated site. You will be asked to complete an injury
evaluation form prior to each session to determine if DOMS or other types of injuries
occurred. After the completion of the 8-week plyometric regimen, the same
measurements performed during the pre-training will be collected again. You will not be
compensated for participation in this study.
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STUDY TITLE: The effects of water versus land plyometric drills on balance.
INVESTIGATOR (S):
Michael G. Miller, EdD, ATC, CSCS
Mark Ricard, PhD
Jaclyn Kelly, A TC
6. POSSIBLE RISKS OF YOUR PARTICIPATION IN THIS STUDY:
With plyometric training Delayed Onset Muscle Soreness (DOMS) can occur.
DOMS usually appears 24-48 hours after exercise. As in all research, there may be
unforeseen risks to the participant. If an accidental injury occurs, appropriate emergency
measures will be taken; however, no compensation or additional treatment will be made
available to you except as other wise stated in this consent form. Injury to the lower body
that will prevent you from jumping or moving in a normal manner will exclude you from
the study. The investigators will provide basic first aid (ice and stretching procedures to
limit soreness). All other injuries will be referred to Sindecuse Health Center.
7. POSSIBLE BENEFITS OF YOUR PARTICIPATION IN THIS STUDY:
The major contribution of plyometric training is developing the ability to generate
maximal power in a movement. In this study, you might increase leg strength and power,
which will increase jumping performance. There are no benefits for the control group
except that they will become aware of their balance status and they will be informed of
the results of the study. These types of performance gains can be beneficial to activities
such as basketball, volleyball, football, jumping, and sprinting.
8. YOUR RIGHTS CONCERNING THIS STUDY:
a.) You have the right not to participate in this study, and you are free to withdraw
at any time without prejudice, penalty, or loss of benefits to which you are entitled.
Refusal to participate will not affect your grade, academic status, or loss of benefits in
which you are otherwise entitled. If you discontinue participation, you have the right to
withdraw your data as well.
b.) Your right to privacy will be protected. The data and results from this study will
be presented or published in scientific/medical journals but your name will not be
included in anything.
IF YOU HAVE ANY PROBLEMS, QUESTIONS, OR COMPLICATION/INJURY
FROM THIS STUDY, YOU ARE INSTRUCTED TO CONTACT DR. MIKE MILLER,
AT 269-387-2728 or michael.g.miller@wmich.edu OR JACLYN KELLY, AT 269-3851756 or jax980@hotmail.com AT YOUR CONVIENCE. IF YOU HAVE ANY
QUESTIONS REGARDING YOUR RIGHTS AS A RESEARCH PARTICIPANT,
PLEASE CONTACT THE CHAIR, HUMAN SUBJECTS INSTITUTIONAL REVIEW
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STUDY TITLE: The effects of water versus land plyometric drills on balance.
INVESTIGATOR (S):
Michael G. Miller, EdD, ATC, CSCS
Mark Ricard, PhD
Jaclyn Kelly, ATC
BOARD AT 269-387-8293 OR THE VICE PRESIDENT FOR RESEARCH AT 269387-8298 .YOU ARE MAKING A DECISION WHETHER OR NOT TO
PARTICIPATE. YOUR SIGNATURE INDICATES THAT YOU HAVE DECIDED TO
PARTICIPATE HAVING READ THE INFORMATION PROVIDED ABOVE.
This consent document has been approved for use for one year by the Human Subjects
Institutional Review Board as indicated by the stamped date and signature of the board
chair in the upper right comer. You should not sign this document if the· comer does not
have a stamped date and signature.
Your signature below indicated that you have read and/or had explained to you the
purpose and requirements of the study and that you agree to participate.
Subject's Name (Print)

Signature (Subject)

Date

Signature (Principal Investigator)

Date
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Human Subjects Institutional Review Bo

Date: January 17, 2003
To:

Michael Miller, Principal Investigator
Mark Ricard, Co-Principal Investigator
Jaclyn Kelly, Student Investigator

From: MaryLagerwe , Chair
Re:

(V/ � ;;l�r-1

HSIRB Project Number: 02-12-15

I'

/

This letter will serve as confirmation that your research project entitled "Comparisons of
Land based and Aquatic Based Plyometric Training Programs and its Effects on Balance"
has been approved under the expedited category of review by the Human Subjects
Institutional Review Board. The conditions and duration of this approval are specified in
the Policies of Western Michigan University. You may now begin to implement the
research as described in the application.
Please note that you may only conduct this research exactly in the form it was approved.
You must seek specific board approval for any changes in this project. You must also
seek reapproval if the project extends beyond the termination date noted below. In
addition if there are any unanticipated adverse reactions or unanticipated events
associated with the conduct of this research, you should immediately suspend the project
and contact the Chair of the HSIRB for consultation.
The Board wishes you success in the pursuit of your research goals.
Approval Termination:

January 17, 2004
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